The following provides a short overview of the important topics arising from the 6th
.
The technique can be used to measure either equilibrium or time-weighted average concentrations (TWA) of the analyte of concern. Historically, such devices have been used to monitor localised ambient work place chemicals or atmospheric pollutants on a global scale (e.g. within the United Nations Stockholm Convention on the transboundary movement of persistent organic pollutants using large networks of samplers). The use of passive samplers for monitoring pollutants in sediments, soils and water is a more recent development, but one that is gathering momentum internationally. It is now recognised that these devices can have important roles in monitoring water quality across the European Community within the remit of various legislative (e.g. Water Framework Directive (WFD) and Marine Strategy Framework Directive (MSFD)) regulations [2] [3] [4] . Typically, data obtained from samplers can be used alongside information obtained from conventional spot sampling of water to assist in checking compliance with environmental quality criteria or for assessment of longterm pollution trends. Use of this combined approach helps to improve risk assessments and to better inform decisions on undertaking potentially expensive remedial actions. Devices can also be used for sampling of more complex environmental matrices such as sediments and to mimic the uptake of chemicals by ; most being centred on monitoring organic pollutants in water with less coverage on air (probably already seen as a mature technology for this sector) and sediments.
Measuring concentrations of non-polar pollutants in water
The use of passive samplers to monitor non-polar chemicals (e.g. PAHs, PCBs, chlorinated pesticides and industrial chemicals) in water was the first application of such devices for this medium. In the 1990s, nearly all trials used the semi-permeable membrane device (SPMD): an enclosed low-density polyethylene (LDPE) membrane filled with a small amount of the lipid triolein as receiving phase 6 . With this sampler and with these classes of pollutants, performance reference compounds (PRCs) can be used for in-situ calibration. PRCs reduce the uncertainty of the TWA concentration data produced during field deployments where changes in the water temperature and turbulence can affect the sampler uptake rates (usually measured in L/day). Over the last ten years there has been a move away from SPMDs to using low-cost single-phase polymers such as low-density polyethylene (LDPE) and silicone rubber 7 . Changing the type of diffusion membrane (e.g. Nylon) to decrease lag-phase phenomenon and to improve uptake kinetics has been proposed.
A further drawback is that there is a lack of theoretical models able to predict the uptake of a chemical into a POCIS or Chemcatcher ® based on the compounds physicochemical properties (e.g. log K ow ). Hence, this necessitates extensive laboratory-based calibration experiments to measure compound specific uptake rates (and in some case the effects of temperature, turbulence and salinity) before the samplers can be used in the field to measure TWA concentrations . Here a thick diffusion gel layer is added, which helps control the uptake of analytes into the receiving phase and limits the effects of water flow. This may address the problem of the lack of a PRC approach for the polar Chemcatcher ® and POCIS samplers.
Several groups questioned the effect of uneven distribution of the loose sorbent within POCIS, which can sag towards the base of the device during extended 
Measuring concentrations of metals and other inorganic compounds in water
Passive samplers have been used to monitor metals and other inorganic compounds Cs to those found in concentrated extracts obtained from large volume spot water samples. However, the overall sample preparation time was significantly reduced as counting measurements were undertaken directly off the disk. There was also less risk of exposing laboratory staff to low level radiation during sample processing.
Although the use of passive samplers for measuring concentrations of metals and some nutrients is unequivocal, often workers have given little attention to the effects that water chemistry and method of field deployment may have on results.
Information on using these types of sampler in large long-term monitoring campaigns is still quite sparse in comparison to devices used for non-polar substances. How the ambient water quality affects the availability of a given metal for uptake into a sampler is complex and needs to be taken into account if the technology is to be used with confidence in a routine regulatory setting. For example: across the seasons, water flow-rate, temperature, pH and amount of suspended and dissolved particulate matter and nutrients (and hence the propensity for bio-fouling of the diffusional surface) will vary significantly. Each factor affects the distribution of a metal in the water column and hence availability of uptake. The design of the apparatus used to deploy any sampler also has an impact on uptake kinetics.
Although in most cases the field location dictates the type of equipment that can be employed, often little consideration is given to this aspect by end users where a range of different kit is utilised in a given monitoring campaign.
Use of passive sampling devices in regulatory monitoring programmes
It is evident that there is worldwide interest in the use of passive samplers for Study participants were free to apply passive samplers that they use routinely in their laboratories. In addition, organisers provided silicone rubber (for non-polar compounds) and POCIS (for polar compounds) samplers to be analysed in all participant laboratories. The exercise showed that the within laboratory precision obtained from use of the samplers was mostly satisfactory, but the laboratory analysis was in most cases the main source of between laboratory variability. The commonly used liquid chromatography/mass spectrometry technique is very susceptible to matrix effects, especially when using electrospray ionisation 15 . These effects include enhancement of ionisation as well as suppression. Extensive cleanup of extracts from samplers may be required to produce data that is fit for purpose.
It is clear, however, for future successful application of these devices in monitoring campaigns the variability that originates from laboratory analysis must be minimised.
This will require training of laboratories in routine preparation and analysis of extracts from samplers as well as organisation of proficiency testing schemes. The final report from the study is in preparation. In parallel, there must also be knowledge of how to interpret information obtained from passive samplers, particularly in the area of uncertainty of data.
